1. Agent contains an 'internal state' which is not directly approachable to other agents. 2. Agent contains 'sensors' which allows it to access to some of the environment's variables. 3. Agent contains 'actuators' which allows it to vary some of the environment's variables. 4 . A program or dynamics (it covers the current internal state and signals received and released by its sensors and actuators to changes its internal state) ( Figure S1 ). Agents can't sense all signals generated in the environment and thus differ to distinguish, interact, and respond to the environment [2] .
. Figure S1 . Internal structure of a stigmergic physical agent.
Parunak [3] defined features of the environment as:
1. The agents are always present in the structured 'environment' which provides ideal medium for interaction between agents. The agents instantly react to the changes occurred in the environment and change the way they interact with other agents with the change in the environment. 2. The conditions (program or dynamics) of the environment allow it to do certain information processing tasks on behalf of the system [4] .
The 'agent' and 'environment' differ as the agents' internal state is hidden, thus each agent can act as self a sufficient, separate and confined unit. Whereas the environment is localized and contains multiple agents sharing defined environment space. These agents can interact with each other with their sensors and actuators in the environment [3] . Stigmergy is In the reactions (chemical, biological or enzymatic), the agent state is comprised of the physical, chemical or physicochemical state as self. The series of events taking place in the surroundings (environment) of the agent which will influence the agent's state in the environment. This leads to change in both the agent and the environment leaving a trace of the agent, which serves as a signal for the next agent to process. Agent state and environment state will decide the response of an agent, thus each agent behaves separately ( Figure S3 ). The products generated in stigmergic reaction completely depend upon interactions of agents under the influence of the environment state. The marker-based stigmergy works on the principal of first agent leaving the specific 'signature' (specilized marker) in the environment which signals and activates the other agent. The sematectonic stigmergy works on the principal that the agent responds to the signals (markers) present in the environment. Thus stigmergic cycle can complete as follows: first agent (being self sufficient unit or due to change in environment state) changes the environment by releasing marker (marker-based stigmergy). This marker in the environment is sensed by other agent that immediately responds to the marker (sematectonic stigmergy). This chain of reactions (cycle) continue if second sematectonic agent action leaves a mark in the environment. When the agent A1 in environment E1 is stimulated by stimuli S1, it modifies itself to A1M and generates stimuli S2 which modifies the environment to E2. This stimuli S2 then stimulates agent A2 and agent A2 get modified to A2M which intern modifies environment to E3 and generates stimuli S3. This stimulus S3 might stimulate another agent or might stimulate the self organization of A1M, A2M, A1, A2 to form a new agent A3 which is a stigmergic product. The new environment E1 with the stimuli S1 might start the cycle again from agent A1 or continues with the marker-based and sematectonic mechanism to form new agents [5] .
Classification of Stigmergic Interaction
Parunak (2005a) categorized stigmergy in two groups, First group is sub-categorized as marker-based stigmergy and sematectonic stigmergy [6] . The second group is sub-categorized as quantitative stigmergy (signals are a single scalar analogous to a potential field) and qualitative stigmergy (signals form a set of discrete options) (Table S1 ) [7] . Table S1 . Classification of Stigmergy. Sematectonic stigmergy -This hypothesis originated by observing some insect behaviours, where the environment generates certain signals which orients agents to work in coordination (the coordination of agents without markers) e.g. coordinated attack by ants if their cemeteries were compromised by invader [8] . This is a Sematectonic stigmergy quantitative decision. Stigmergy have a number of attractive characteristics to be useful for different systems like Simplicity, Scalability, Robustness and Environmental integration.
Environmental integration is a very important characteristic as it involves interactions between agents in the environment. In this whole system of agents and environment, organization of system is inversely proportional to symmetry ( Figure S4 ) and plays important role in self-organization of the agents in particular system [9] . In conventional control strategies, changes in environmental conditions change the final product. Whereas in stigmergic systems, change in environment conditions are used to break symmetrically arranged agents and re-organize them self to give new product [1, 3] . Emergent Behaviour -It is the development of new product with reduced entropy. It is the subcategory in self-organization ( Figure S5 ). It states that, as the new product is less in entropy, it can be pathological. It also suggest to restrict conditions of interaction between agents and environment to ensure the newly formed product is beneficial or at least with no pathological properties [10] . Figure S5 . Emergence as a Subcategory of Self-Organization.
